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INTRODUCTION
Anrthacycline class of drugs (mainly doxorubicin) is one of the most effective anti-cancer agent used to treat various tumours such as solid tumors, leukemia, soft tissue sarcoma, breast cancer, small cell carcinoma of the lung and esophageal carcinomas. 1 Proposed mechanisms by which doxorubicin acts include intercalation into DNA, DNA cross linking, induction of apoptosis by inhibition of topoisomerase -II, interference with DNA unwinding and direct membrane damage. 2, 3 Its use has been restricted due to its dose dependent cardiotoxicity, which leads to myocardial damage, resulting in cardiomyopathy with fatal congestive cardiac failure. Mechanisms for this cardiotoxicity are not completely understood. The possible proposed mechanisms are free radical generation, lipid peroxidation, mitochondria damage, decreased activity of Na + -K + adenosine triphosphate, vasoactive amine release and cellular toxicity. [4] [5] [6] [7] Several hypotheses have been postulated for the development of oxygen free radicals in the development of cardiomyopathy due to presence of semiquinone in the tetracycline aglycone molecule of doxorubicin and it is reported to increase the generation of superoxide radicals that damage the heart by exceeding detoxifying agents of cardiac mitochondrial tissues and sarcoplasmic reticulum. 8 There are various strategies by which, doxorubicin induced cardiotoxicity can be reduced which includes reducing the total cumulative dose, co-therapy with protective agents, changing the chemical structure, encapsulation in liposomes and development of safe new derivatives. 9, 10 It has been observed that, there is a growing interest in the use of natural antioxidants as a protective strategy against doxorubicin induced cardiotoxicity.
Boerhaavia diffusa Linn belongs to family Nyctaginaceae has been traditionally used in culinary practices and distributed all over India. Traditionally in Ayurveda it has been used for the cardiac disorders. 11, 12 It has been reported to have analgesic and anti-inflammatory, 13 antistress, 14 antioxidant, 15 hepatoprotective, 16 anticonvulsant 17 and diuretic. 18 Earlier we reported that ethanolic extract of whole plant of Boerhaavia diffusa had protected cardiotoxicity induced by doxorubicin. 19 Further studies were carried out for fractions of ethanolic extract whole plant of Boerhaavia diffusa to know the constituents responsible for cardioprotective activity.
MATERIALS AND METHODS

Plant material
The whole plant of Boerhaavia diffusa was procured and authenticated by Dr. Madhav Chetty, Department of Botony, Sri Venkateshwar University, Tirupati, India. Shade dried plant was subjected to size reduction to obtain uniform coarse powder of 40 mesh sizes and powder of the plant was subjected to organoleptic evaluation like colour, taste and odour.
Preparation of the ethanolic extract and fractions
The ethanolic extract was prepared by macerating whole plant of Boerhaavia diffusa in ethanol for 1 h. Further hot extraction was carried out by refluxing for 1h, after 1h cooled and concentrated using rotary flash evaporator and dried undervaccum. 
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of aspartate transaminase (AST) 26 and alanine transaminase (ALT). 26 Animals were sacrificed under ether anesthesia and a midline incision was performed and heart tissue was quickly dissected out, washed in ice cold saline, dried by filter paper.
Histopathological studies
The heart tissue sections were fixed in 10% formalin, the specimens were processed by standard procedure and embedded in paraffin wax. The blocks were sectioned from the ventricular portion and stained according to the hematoxylin and eosin method and were examined by microscopy. 27 
Statistical analysis
The experimental data were statistically analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test using Graphpad Prism 5.0. Data were expressed as Mean ± S.E.M. and p<0.05 was considered as significant.
RESULTS
Phytochemical investigation
Preliminary phytochemical studies exhibited the presence of steroids and fatty acids in PEBD; alkaloids in CLBD; flavonoids, triterpenoids and tannins in EABD; and carbohydrates in AQBD.
General observations
Doxorubicin administered rats had a scruffy hair and red exudates around the eyes and soft watery faeces along with necrosis at the site of administration. These conditions were severe during the last six days of study period. But these changes were significantly less in pretreated EABD fraction and Std treated group rats. Figure 1 depicts that significant reduction of body weight in doxorubicin (p<0.001) administered rats as compared to control group rats. It is due to reduced water and food consumption as shown in Table 1 . However, among the treatment with different fractions, only EABD (p<0.5) and Std treated rats had significantly improved body weight (p<.0.5) as well as water and food consumption (p <0.001 and p<0.01) respectively as compared to doxorubicin group.
Cardiac markers
The doxorubicin treated rats showed significant increase in LDH (p<0.001) and CK-MB (p<0.001) and also the presence of cardiac Troponin I as compared to control group ( Table 2 ). The pretreatment groups EABD and standard treated rats had significantly decreased the levels of LDH (p<0.5 and p<0.01) and CK-MB (p<0.01 and p<0.01)
The dried ethanolic extract of Boerhaavia diffusa was fractionated using petroleum ether, chloroform, ethyl acetate and aqueous in increasing order of their polarity. Each fraction was concentrated by using rotary evaporator and kept in desiccator to completely remove moisture.
Chemicals and drugs
Doxorubicin was obtained as sample gift from Get Well Pharmaceuticals, India. All chemicals, solvents and enzyme assay kits were purchased of analytical grade.
Animals
Healthy albino Wistar rats were procured from Venkateswara enterprises, Bangalore and rats weighing between 150-200 g were used for the study after securing the ethical clearance from Institutional Animal Ethical Committee (Ref.
No. KLEU's-08-IAEC.HBL-31/Aug2013). All the rats were housed in a polyethylene cages, group of six under environmentally controlled room with 12 h light/dark cycle and they were fed with standard rat feed and water ad libitum was provided. Rats were acclimatized for one week to laboratory conditions before starting the experiment.
Preliminary phytochemical screening
Preliminary phytochemical screening was carried out for all fractions to confirm the presence of phytoconstituents.
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Experimental design
After one week of acclimatization, the animals were randomly divided into 7 groups of 6 animals in each as follows. Group I served as normal control, received vehicle 5 ml/kg body weight orally for two weeks followed by saline i.p. for two weeks. Group II animals received vehicle 5 ml/kg body weight orally for two weeks followed by doxorubicin 2.5 mg/kg body weight i. 
Food and water
Food consumption and water intake were regularly measured for throughout study period for all the animals.
Enzyme assays
Thirty six hour after the last treatment, blood was withdrawn by retroorbital plexus under light ether anesthesia using heparinized microcapillaries for the estimation of various biomarkers like lactate dehydrogenase (LDH), 23 creatinine phosphokinase (CPK) 24 and troponin-I (cTnI). 25 After these experiments, all the animals were observed for next three weeks for the general appearance, behavior and mortality. After the three weeks, again blood was withdrawn by retro-orbital plexus under light ether anesthesia using heparinized microcapillaries for the estimation Table 3 presents doxorubicin treated rats, produced significant increase in serum enzyme markers AST (p<0.001) and ALT (p<0.01) as compared to control group but pretreated groups i.e. EABD and standard treated had significantly decreased the levels of AST (p<0.5 and p<0.01) and ALT (p<0.5 and p<0.01) respectively as compared to doxorubicin group. Figure 2 showed heart tissue of doxorubicin treated rats exhibited loss of myofibrils, vacuolization of the cytoplasm and inflammatory cells compared to control rats which showed normal morphological appearances. In EABD and standard pretreated rats there was minimal loss of myofibrils and vacuolization of cytoplasm as compared to doxorubicin treated group.
Serum markers
Histopathological studies
DISCUSSION
The Anthracycline derivative doxorubicin is one of the most cytotoxic antibiotic and useful in numerous chemotherapy regimens to treat haematological and other solid tumours. The mechanism for antineoplastic is by intercalation of DNA, preventing replication and protein synthesis, and inhibition of topoisomerase-II, preventing topoisomerase-IIdependent relegation after double-strand breakage. Although it is an effective anticancer drug, but dose dependent cardiotoxicity, which is characterized by acute or early/late onset chronic progressive cardiomyopathy is a common side effect of doxorubicin therapy and because of this its therapeutic use restricted or limited. 28 Mitochondrial reductase reduces the doxorubicin by one electron and may generate anthracycline semiquinone free radicals 29 and under aerobic conditions these are unstable and readily reduce molecular oxygen to the reactive oxygen species superoxide anion and hydrogen peroxide. The experimental data were statistically analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparision test and expressed as Mean±S.E.M. (.n=6); ###p<0.001 when compared to control group; **p<0.01 and *p<0.05 when compared to Dox.
Dox-Doxorubicin, PEBD-Petroleum ether fraction, CLBD-Chloroform fraction, EABD-Ethyl acetate fraction, AQBD-Aqueous fraction, Std-Standard treated with
Vitamin-E. '+' Present, '-' Absent Increased free radical generation in cardiomyocytes produces oxidative stress that may lead to multiple adverse effects. 28 In present study we investigated the influence of four fractions (Petroleum ether, Chloroform, Ethyl acetate and Aqueous) of ethanolic extract of Boerhaavia diffusa against doxorubicin induced myocardial toxicity. Doxorubicin treated rats showed scruffy fur, alopecia and on later days red exudates around the eyes, nose and also necrosis at the site of injection. These changes were reduced in ethyl acetate fraction of EEBD and standard (Vit-E) treated group rats. There was reduction in body weight due to reduction in water and food consumption in doxorubicin treated rats. However these changes were prevented by ethyl acetate fraction and Std (Vit-E) pretreated rats. This study also showed the oxidative damage due to increase in ROS in the cardiac tissue after administration of doxorubicin. Damage of cardiac tissue results into release of certain cardiac markers like LDH, CK-MB and cTn-I into the blood stream and these served as diagnostic markers of cardiac damage. The amount of these markers present in the blood reflects the alteration in plasma integrity and/or permeability. After doxorubicin administration these cardiac markers levels were signi ficantly elevated which is an indicator of the myocardial damage which is in agreement with our earlier reports 19 . In pretreated groups only ethyl acetate fraction and Vit-E group significantly reduced the doxorubicin induced elevated cardiac markers. Hence this evidently confirms that the phytoconstituents mainly flavanoids present in the fractions are responsible for maintenance of normal structural and cardiac tissue architectural integrity thereby inhibiting the leakage of these markers into the blood stream which can be accounted for its membrane stabilizing property. Histopathological reports showed doxorubicin administered rats had enlarged heart, swollen mitochondria and presence of vacuoles within cytoplasm. There was degeneration of myocardial tissue, myofibrillar loss, myocardial hypertrophy and fragmentation of nuclei because of vacuolar changes in cardiac muscle fibers. These changes are due doxorubicin has high affinity for the mitochondrial phospholipid cardiolipin, which is localized to the inner mitochondrial membrane and important to mitochondrial structure, function and metabolism in cardiomyocytes. Accumulation of doxorubicin in mitochondria via interaction with cardiolipin may produce a significant increase in reactive oxygen species in cardiac tissue. 31 The ethyl acetate fraction contains flavanoids, which might reduce the formation of reactive oxygen species, thus decreasing the oxidative stress and producing cardioprotective activity. It has been reported that the bioflavanoids have a protective effect on the DNA damage induced by the free radicals.
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CONCLUSION
The doxorubicin induced cardiotoxicity is mainly due to its oxidative stress. Ethyl acetate fraction of EEBD mainly containing flavonoids, which are responsible for its anti-oxidant property. Our study revealed that ethyl acetate fraction containing high amount of flavanoids may be considered as potentially useful in combination with doxorubicin to reduce/limit free radical mediated cardiac injury. However, further studies are certainly required to isolate and characterize flavonoid phytoconstituents of ethyl acetate fraction responsible for cardio protective property.
